store that neural representation; to gain access to coded information in order to re trieve specific experiences from storage; and to decode the retrieved data into that com plex of neural activity which constitutes a 'memory' (8) .
Shuttleworth and Morris, in their dis cussion of 'transient global amnesia' postulate a triphasic memory process (8) . The first phase starts with widespread neuronal ac tivity lasting a few seconds to one minute. Recall during this period involves 'immediate' memory which can be tested with the digit span subtest of the Wechsler Adult Intelli gence Scale. This is followed by a transduc tion process constituting 'short-term' mem ory. During this phase which lasts anywhere from a few minutes to half-an-hour, localized neuronal network electrical activity is con verted into macromolecular form. Biogenic amines and messenger ribonucleic acid may be involved, and the locus may be the hippocampal-mamillary region, dorsomedial nu cleus of the thalamus or brain stem reticular formation (4) .
A second major process constituting 'longterm' memory involves storage and dereali zation of engrams created in the first phase. The engrams may last a lifetime (8) .
The third phase of 'recall' or 'readout' is presumed to be a process of transduction triggered by an appropriate stimulus: stored patterns are reconverted into electrical neuronal activity.
Retrograde amnesia following trauma is believed to be the consequence of rapid Vol. 19, No. 2 acceleration or deceleration of the brain, which produces a physical alteration of neuronal axons and cell bodies. The con solidation mechanism is temporarily dis rupted. The defect is selective in that only recent memories are affected. However, those memory traces which were in the consolida tion process at the time of injury are per manently lost because of the interference with the perseverating neural activity re quired for consolidation (7) . Dixon postu lates a disalignment of the lipoprotein com plex of the neuronal membrane which re sults in failure of messenger ribonucleic acid molecules to create an engram (2) . Milner found that bilateral hippocampal lesions de creased verbal learning (5) , suggesting that the limbic system is involved in the process (1) .
Clinical studies of retrograde amnesia are inconsistent and much remains unknown. Some believe that at least momentary retro grade amnesia follows all head injuries in which there is an immediate period of un consciousness (4, 6) . Fisher believes that memory is more susceptible to trauma than alertness, and therefore one would expect memory to be affected in all instances where there is a loss of consciousness (3) -a point of view firmly supported by Garland who states that if the reportedly formerly unconscious patient professes to recall the blow, he is either lying or syncoped subse quent to the blow (4). Moore and Ruesch reported that in a series of 39 patients who had suffered prolonged disturbances of con sciousness, all had periods of retrograde am nesia (6) . However, this group consisted of patients who were unconscious for 72 hours or more and neuronal damage was evidently extensive. Other writers assert that it is possible to sustain head injury with a period of anterograde amnesia without retro grade amnesia (7, 10) . However, Whitty and Zangwill (10) point out that some cases in which retrograde amnesia is not reported probably represent inaccurate observations.
Retrograde amnesia is usually but not al ways shorter than anterograde amnesia (4, 10) -most are of only a few seconds' duration (7) . Long retrograde amnesias are unusual where the anterograde amnesia is less than 4 hours (7) . Several authors have shown a direct relationship between the dura tion of retrograde and anterograde amnesia (1, 4, 7, 9, 10) .
The occurrence of retrograde amnesia is usually accompanied by a state of impaired consciousness. Where there is a permanent defect in consolidation, the duration of retro grade amnesia is usually several years (1) .
Retrograde amnesia has been found to shrink at different rates in different people (7) . It is longest during the period of con fusion (7) and the shrinking process usually runs parallel to the recovery of recent mem ory (1). Benson (1) believes the shrinkage represents a transition between long-term and short-term memory loss. Since memories are subsequently recalled this represents a defect in the retrieval mechanism (3). By the time the patient has regained full con sciousness the retrograde amnesia has usually shrunk to a minute or less (7) . In slowshrinking retrograde amnesia, the antero grade amnesia period terminates long before retrograde amnesia has shrunk to its final duration (7) . Russell and Nathan (7) state that memories return in chronological order from most distant to most recent events until the final permanent retrograde amnesia for events never consolidated is reached, but Whitty and Zangwill (10) believe that mem ories do not return in their natural sequence, but that those which may be more important to the patient will return first. It is thought that these first memories may provide an as sociation of ideas which helps to reduce retrograde amnesia (7) .
Russell and Nathan (7) state that islands of memories may be present within the period of retrograde amnesia. Von Wowern (11) believes that suscepti bility to memory loss following trauma in creases with age so that what appears to be a minor insult may, in an older person, create gross memory defects.
More recently, Yarnell and Lynch (12) have suggested that the onset of retrograde amnesia is not immediate but develops a few minutes after trauma. They state that after concussion each of four football players had ". • • definite post-traumatic confusion but knew the immediate preconcussive event" when interviewed immediately after trauma. Such a finding is at variance with currently accepted theory and requires further in vestigation.
Although there are inconsistent reports in the literature regarding the identification, description and measurement of retrograde amnesia, the clinical import of this symptom in some head injuries depends upon the validity and reliability of the description of its characteristics.
A Study of Retrograde Amnesia
A study was undertaken to identify the characteristics of retrograde amnesia, its relationship to anterograde amnesia, and the problems of its measurement. It was hypo thesized that: there is a direct relationship between duration of anterograde and retro grade amnesia; retrograde amnesia shrinks spontaneously; the shrinkage of the retro grade amnesia is not in chronological order, but islands of memory gradually return, pro viding anchors for associated memories. The length of the retrograde. amnesia is longer in older patients, other factors being constant.
Subjects
The subject group consisted of patients with closed head injuries admitted consecu tively to the Emergency Department of the Winnipeg General Hospital during a sixweek period in the summer of 1970. All patients meeting the following criteria were included: a reported period of unconscious ness or circumscribed total amnesia follow ing acute head injury incurred shortly be fore hospital admission; no sedative drugs other than at bedtime; no other severe or painful injuries; age over 15 years; at least grade VIII education, with English as the native tongue; not aphasic, drowsy or dis oriented at the time of testing.
During the six-week period 48 patients were interviewed in the Emergency Depart ment. Of these, 31 met the required criteria. But 6 were excluded for the following reasons, leaving a group of 25: death shortly after hospital admission (3 patients); refusal to participate in the study (2 pa tients); inadvertently discharged before be ing interviewed (1 patient).
Method
' All patients were interviewed (by D. M. B.) within 13 hours of the trauma except for two subjects who were not admitted to hospital until four days later and another two who were not identified until they were transferred to the neurosurgery service of the hospital (five days and twenty-one hours, respectively, following trauma).
Subjects were interviewed by the same ex aminer at various intervals following their ad mission in order to monitor the change in the duration of their retrograde amnesia. Inter views were continued until retrograde amnesia had reached a stable minimum as evidenced by no change in memory from the previous inter view or a retrograde amnesia of less than one second.
At least two interviews were conducted with each patient -the first was carried out as soon after return to consciousness as the patient was considered to be oriented and non-aphasic. The following criteria were used: able to give correctly the following -full name, city, hos pital, year, month, weekday; able visually to correctly identify three of the items -watch, pen, ring, comb; able to carry out correctly three of the commands -'Raise your left arm', 'Stick out your tongue', 'Touch your nose', 'Nod your head'.
In the initial interview the examiner intro duced himself and informed the patient of the nature of the study and requested permission to proceed. The patient was tested for symp toms of aphasia and disorientation according to the above criteria. To assess the integrity of short-term memory the patient, if oriented and non-aphasic, was asked to remember the items presented to him during the tests for aphasia; his ability to recall them was tested five minutes later. Immediate memory was assessed by the 'digit span' subtest of the Wechsler Adult In telligence Scale. The duration of retrograde am nesia and the presence or absence of islands of memory within this period were identified by the questions: "What is the last thing you remember before the accident?" -"Does anything else come to mind, even though you don't quite know where it fits in?" -"Anything else?". When possible, collateral information was ob tained from a witness. The duration of antero grade amnesia was established by asking: "What is the first thing you remember after the acci dent?" Finally, the patient was informed that the examiner would see him again while he was in hospital.
The second interview was conducted between six and ten hours later, and subsequent inter- views were done at various intervals until dis charged in the case of those hospitalized for more than overnight observation. In all inter views the duration of retrograde and antero grade amnesia at the time of the particular in terview was determined. The same questions were used as in the first interview. If the pa tient had been considered aphasic or disoriented in a previous interview, this was reassessed, and if now found to have no such defect he was tested for amnesia.
Additional data were recorded for each sub ject including: age, sex, education in years, alcohol consumption prior to the trauma (small, moderate, large, unknown), hours following trauma of initial interview, islands of memory within the period of retrograde amnesia and duration of hospitalization.
Results
Most subjects had sustained cerebral con cussion without residua and were in the young adult age group. The most frequent causes of trauma were motor vehicle acci dents and assaults. Despite attempts to con tact witnesses collateral information was available in too few cases to be of value.
For the 25 subjects Table I shows the frequency distribution of duration of retro grade amnesia, and Table II demonstrates the duration of anterograde amnesia at the initial assessment. On the assumption that the duration of hospitalization is an index of severity of injury, the sample was divided into those patients held only overnight for observation and then released, and those admitted to the neurosurgery service. Those who were hos pitalized for longer than overnight observa- tion for other than their head injury (i.e. admitted to some other service) were group ed with those held only for observationsee Table IV . Retrograde amnesia was not regarded as a criterion of severity of neuro logical damage by the treating physicians.
When those with retrograde amnesias of less than one second and more than one second were compared, a direct relationship was found (Fisher's Exact Probability Test, p < .005) between the duration of hos pitalization and of retrograde amnesia.
In order to test whether the time interval between the trauma and the initial interview affected the duration of retrograde amnesia reported, subjects with retrograde amnesias of less than one second were compared with those whose retrograde amnesia was longer than one second -see Table V . While retro grade amnesias of shorter duration showed a greater mean time interval -5.46 hours (range 2 -12 hrs.) versus 5.08 hours Total 20 5
(range 2-13 hrs.), the difference was not significant (t-test).
In 5 of the 25 subjects retrograde amnesia showed spontaneous shrinkage between in terviews.
Since alcohol consumption prior to trauma may have influenced the duration of the observed retrograde amnesia, alcohol con sumption was compared with the duration of retrograde amnesia. Thirteen had had no al cohol and two had consumed unknown quantities. The amount of alcohol consumed by the remainder was rank ordered and then arbitrarily graded as small, moderate, or large -see Table VI . No significant rela tionship was found between alcohol con- Discussion A significant relationship was found be tween the duration of anterograde and retro grade amnesia. Such a relationship has pre viously been reported (1, 4, 7, 9, 10) . Further, since anterograde amnesia has been found to correlate with the severity of injury and the prognosis (7) , it follows that the same is true of retrograde amnesia. This is borne out by the finding of a relationship between the duration of retrograde amnesia and the duration of hospitalization, the latter being taken as an index of severity of injury.
While shrinkage of retrograde amnesia does occur in some cases the data do not indicate the shape of the curve, since at the first interview, in 14 cases, its duration was less than one second. Shrinkage occurred in 5 of the 11 cases of initial duration of more than one second. Since shrinkage may have occurred in some before the first interview, patients should be interviewed as soon as possible following injury.
An island of memory was reported only once in the 25 subjects. Patients report new memories beginning from the end point of the previous memories which are continuous to a new end point, with a resulting briefer duration of retrograde amnesia. If memories did return first as islands this would be re vealed only by more frequent monitoring.
As only four subjects were over thirty years of age the relationship between the duration of amnesia and age cannot be tested. Inspection of these four cases does not suggest that they had retrograde amnesia which was different from the younger pa tients.
Alcohol consumption prior to trauma did not appear to affect the duration of retro grade amnesia.
To more adequately test the hypotheses would require a larger sample of more •varied age, including a broader spectrum of head injuries, especially more severe ones. Interviewing patients sooner after the trauma might be advantageous, and those demon strating long retrograde amnesias should be interviewed at briefer intervals than six hours -perhaps every hour.
In this study objective criteria and a standardized method of obtaining data were utilized but since data on amnesia derives of necessity from examiner-subject interac tion and the subject's statements regarding his recollections, the validity and reliability of the data are limited by examiner and sub ject bias.
Summary
Retrograde amnesia is the inability to re call events which occurred immediately be fore head trauma or other acute brain insult. It is one aspect of a larger entity -post traumatic amnesia -seen in some head in juries, and represents a defect in the con solidation of memories. Previous studies of retrograde amnesia have produced conflict ing findings regarding its characteristics.
A study was undertaken to identify the characteristics of retrograde amnesia, its re lationship to anterograde amnesia, and the problems of its measurement.
Forty-eight patients with head injuries admitted to the Emergency Department of the Winnipeg General Hospital were inter viewed to identify all subjects meeting certain criteria regarding age, education, and so on, and twenty-five met the criteria and were included in the sample. Each subject was interviewed at least twice until the retro grade amnesia had reached a stable mini mum. The duration of retrograde and ante rograde amnesia as well as immediate and short-term memory were assessed.
It was found that the duration of retro grade amnesia was directly related to the Vol. 19, No. 2 duration of the anterograde amnesia and to the duration of hospitalization.
Some problems involved in measurement are discussed. Resume L'amnesie retrograde est l'inabilite de se rappeler les evenements qui ont immediatement precede un traumatisme de la tete ou un genre different d'injure au cerveau. Ce n'est qu'un aspect d'une entite plus large, de l'amnesie traumatique, qu'on observe dans certaines injures de la tete et qui represente un defaut de consolidation des memoires. Les etudes anterieures de l'amnesie retro grade ont mene a des conclusions contradictoires concemant ses caracteristiques.
Nous avons entrepris une etude pour iden tifier les caracteristiques de l'amnesie re trograde, de son rapport a l'amnesie ante rograde et les problemes de son mesurage.
Quarante-huit patients admis au Service d'Urgence de l'Hopital General de Winnipeg pour une blessure a la tete ont ete interviewes afin d'identifier tous les sujets satisfaisant certains criteres d'age, d'6ducation, etc., et vingt-cinq ont satisfait ces criteres et ont ete inclus dans le groupe a etudier. Chaque sujet fut interviewe au moins deux fois avant que l'amnesie retrograde n'ait atteint un mini mum stable. La duree des amnesies retro grade et anterograde ainsi que les memoires, immediate et de courte duree ont ete de termine.
II a ete etabli que la duree de l'amnesie re trograde etait reliee directement a la duree de l'amnesie anterograde et a celle de l'hospitalisation.
Certains problemes relatifs au mesurage on ete discutes.
Lull'd in the countless chambers of the brain. Our thoughts are link'd by many a hidden chain.
Alexander Pope
